Bordetella pertussis was diagnosed in a human immunodeficiency virus-infected patient by a newly developed method in which bacterial DNA is amplified directly from sputum Gram-stained slides. The validation of the method is described along with an additional new PCR-based assay that can distinguish between B. pertussis and Bordetella holmesii.
Identification of bacteria from clinical specimens is largely done via phenotypical characterization after in vitro culture and microscopy. Not uncommonly, however, direct Gramstained preparations reveal many organisms, yet cultures fail to demonstrate a pathogen. This was illustrated in a recent clinical case, in which a 48-year-old man with AIDS was admitted with pulmonary coccidioidomycosis. Despite antifungal therapy, his status failed to improve. Sputum samples revealed many gram-negative bacilli on direct microscopy but no pathogens on culture. Furthermore, several blood cultures grew fastidious gram-negative rods, which could not be speciated by conventional methods.
We decided to attempt identification of the two isolates by genotypical methods using universal oligonucleotide primers aimed at the small subunit rRNA (16S rRNA) gene. From the respiratory specimens, however, only Gram-stained slides were available. We therefore developed a new method, in which bacterial DNA is recovered directly from the Gram-stained slide. Slides were Gram stained by traditional methodology (12) . A clear glass slide was smeared with samples and treated with absolute methanol (Mallinckrodt, Hazelwood, Mo.), followed by heat fixation at 65°C and treatment with crystal violet solution (Remel, Lenexa, Kans.). The slide was further treated with Gram's iodine (Remel), decolorized with alcohol-acetone solution (3:1), and counterstained with safranin (Remel). Immersion oil was first removed from the slide with 100% xylene (J. T. Baker, Phillipsburg, N.J.) followed by rinsing in 100% ethanol. Then the material was scrapped with a straight razor blade, suspended in 50 l of Puregene-DNA hydration solution (Gentra, Minneapolis, Minn.), vortexed, and boiled for 10 min. For analysis of the blood isolate, material from both the BACTEC bottle and from colonies grown on solid medium was used. Subsequent PCR was performed in a volume of 50 l containing 5 l of the template, 1.5 mM MgCl 2 , 100 M each deoxynucleoside triphosphate (Roche Diagnostics Corporation, Indianapolis, Ind.), 1 U of Taq DNA polymerase (Roche Diagnostics Corporation), and 0.15 M (each) universal 16S rRNA primers 11E (5Ј-GAGGAAGGTGGGGATGACG-3Ј) and 13B (5Ј-TCCGGGCCCTTGCATAAGTG-3Ј) as described previously (15) . After a denaturation step of 5 min at 94°C, PCR steps of 94°C for 60 s, 50°C for 60 s, and 72°C for 90 s were repeated 30 times in a Perkin-Elmer GeneAmp PCR system 9600 (Perkin-Elmer Applied Biosystems, Foster City, Calif.). Products were obtained from both sputum and blood ( Fig. 1 ). These were purified with the QIAquick PCR purification kit (Qiagen Inc., Valencia, Calif.), and DNA sequencing was performed on an Applied Biosystems ABI3100 sequencer (HHMI Biopolymer/W. M. Keck Foundation Biotechnology Resource Laboratory, Yale University School of Medicine). Subsequent comparison with the public database (GenBank) by BLAST (1) identified the blood isolate as Helicobacter cinaedi or Helicobacter rappini. Both organisms have been associated with bacteremias in immunocompromised patients (9, 10, 13, 16, 17) . The PCR product of the respiratory isolate matched the 16S rRNA genes of both Bordetella pertussis and Bordetella holmesii, which are 99.5% homologous and identical in the amplified region (18) .
In order to speciate the Bordetella respiratory isolate and to validate the result of the genotypical analysis, a discriminatory assay was developed in which a portion of the recA gene (6, 7), which contains a unique restriction enzyme site, was targeted.
Amplification of B. pertussis (ATCC 9340; American Type Culture Collection, Manassas, Va.) and B. holmesii (ATCC 51541) DNA as well as that from our patient's sputum Gram staining was carried out as described above, except that 3 mM MgCl 2 and newly designed specific primers (forward, 5Ј-CAA TACGCCTCCAAGCTGGG-3Ј; and reverse, 5Ј-TGATGTCG AACTCGGCCTGC-3Ј) were used, and the PCR steps (94°C for 30 s, 59°C for 30 s, and 72°C for 60 s) were repeated 45 times followed by a final elongation step at 72°C. Products were digested with NciI according to the manufacturer's recommendations (New England Biolabs, Inc., Beverly, Mass.). The two organisms could be easily distinguished because B. holmesii has two NciI sites, whereas B. pertussis and all other Bordetella spp. only have one NciI site within the amplified region. The sputum isolate was subsequently identified as B. pertussis (Fig. 2 ) and has been reported as an opportunistic lung pathogen in human immunodeficiency virus-infected patients (4, 5).
We next investigated whether the genotypical identification of organisms directly from clinical Gram stain preparations with universal primers is a feasible and reproducible method. The type of fixation (heat, 100% methanol, and 100% ethanol) and presence of dye remnants after Gram staining as described above do not interfere with the PCR. A detection limit of 1,500 CFU/l of sputum (6 to 30 organisms per oil immersion field) was found, which is similar to other reports (14) . For this finding, three random clinical sputum samples with no bacteria on Gram stain or in culture were pooled, spiked with defined amounts of Escherichia coli (ATCC 25922), fixed and Gram stained, and scraped off the slide as described above. Several randomly chosen clinical samples were tested, and when a predominant organism was visible on microscopy, its identification matched the cultured pathogen (Table 1) .
Our method has several advantages over earlier described assays. Unlike previous reports, in which DNA is first extracted from sputum and species-specific primers are used (2, 11, 14, 19, 20) , our assay uses DNA recovered directly from Gramstained slides without extraction steps and utilizes universal primers, thus enabling the identification of a broad range of bacteria with a simple protocol. As shown, this can be achieved even in the presence of normal background resident flora because the number of PCR cycles is limited, thus allowing for competitive amplification of bacterial DNA. Since the quality Among the few reports in the English language literature describing recovery of nucleic acid from clinical specimens on glass slides (3, 8) , none so far have described DNA amplification after recovery of bacteria from Gram-stained slides. Our method is fast and reliable and can be used as a tool in cases in which organisms are seen in abundance on clinical Gramstained slides, but cannot be recovered in culture. The technique may be particularly useful when a diagnosis is sought retrospectively or after the original samples have been discarded.
